Localization of procollagen I in the lysosome/endosome system of human fibroblasts.
A significant amount of newly synthesized collagen is degraded intracellularly rather than secreted, but there is controversy about whether this process occurs in the lysosomes. We addressed this problem using confocal microscopy and immunofluorescence imaging to study the distribution of procollagen I in the Golgi and the lysosome/endosome system of cultured human fibroblasts. Cells were incubated under basal conditions and then permeabilized and exposed to fluorescently tagged probes for procollagen, Golgi markers (Helix pomatia binding protein or beta-coatamer protein), and lysosome/endosome markers (cathepsin B or LAMP-2). Strong signals for procollagen codistributed with the Golgi and lysosome/endosome markers. Of note, many structures were positive for procollagen and lysosome/endosome markers but not for Golgi markers. When cells were incubated with the proline analog cis-hydroxyproline, which inhibits correct triple helix formation and increases intracellular degradation, the amount of procollagen codistributing with the lysosome/endosome markers increased greatly. Similar results were obtained in I-cells, which do not have functioning lysosomal hydrolases. These findings strongly indicate that the lysosome/endosome system participates in the intracellular degradation of newly synthesized procollagen and that trafficking of procollagen to the lysosome/endosome system does not depend on the cells having active lysosomal hydrolases. We present a model that integrates our findings with other work and resolves inconsistencies in the literature. This model postulates the existence of three separate degradation paths for newly synthesized procollagen. In addition to the endosome/lysosome system, degradation also takes place in the proximal region of the secretory pathway such as the endoplasmic reticulum, cis-Golgi network, or cis-Golgi and in a distal region of the secretory pathway such as the trans-Golgi or trans-Golgi network.